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Abstract

An andysis of severd past concept development efforts for visble/IR large aperture space
telescopes |eads to the development of mass versus aperture scaling laws for rigid segmented
and thin membrane primary mirror telescopes working in conjunction with active correction
optics. A parametric sudy using the scaling laws reveds that for smaller gpertures, there is more
benefit to be gained from developing ancillary hardware than in reducing the basic mirror aredl
mass. For larger telescopes the converse is true. This study seeks to identify at what aperture
gzethe trangtion occurs and what natural technology development paths exig.

Background

Technology needs will be smilar, but their relative priorities are expected to be different for a
two-meter space telescope than an eight-meter telescope. Similarly, it is adso expected that
Space telescopes 20-40 meters in gperture will involve a different program of retiring high risk
technol ogies than observatories with 8-10 meter apertures. Ultimately, apertures with kilometer
gze collectors drive another identification of the premium characterigtics in its component
technologies. NASA attempts to plan technology roadmaps to meet both criteria: (1) providing
timely availability in support of near term missons as well as (2) making progress on as sraight
apath as possible toward enabling the further out missions. Some of the penaties of not doing
this effectivdy are:

expengve dipsin near term mission launch dates,

inefficient “wandering” through the development of dead-end technologies, and
disruption in the NASA mission due to inadequate new opportunities enabled by new
technologies.

While the advent of revolutionary new technologies can be expected, their specific form and
impact cannot. Nevertheless, examining the near parameter space of space telescope systems
design to learn some principles that can be used to guide technology sdection is il worthwhile.
It dsois helped by the smple, but important observation that resolution and sengtivity of
scientific observations varies fundamentally with aperture size. As aresult, NASA program
planning (see figure 1) logicaly shows a progressive growth in space telescope dimensions.
While this argument over-smplifies the wavelength, operating temperature, observatory location
and sparse-versusilled aperture issues those subtrades dl indicate a benefit from increasing
gperture, which can offset, but not reverse the fundamenta principle of growth in aperture.
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Figure 1. Vison of Technology Trends in Future NASA Space Telescope Missons

This study will begin the process by considering the mgor contributors to space telescope
masses. Then a parametric mode of space telescope mass which estimates the variation of
those mgjor contributors as a function of increasing aperture size has been built and is

described. Then it will consider the restricitons imposed by packaging those systems for ddlivery
to the orbital destinations.

Rd ative Importance of Space Tdescope Component Masses

Figure 2 illusgtrates the results of a study done by George Sevaston of JPL afew years ago that
began with the Large Deployable Reflector (LDR) top level mass estimate summary. Then he
postulated how it might be changed with infusion of some newer technologies that have arrived
on the scene since that study was performed. He dso included a step that recdibrated the
estimate for the more difficult precison required for diffraction limited operation with a 500nm
waved ength ingtead of the LDR basdine, 30 microns. |If the gods stated in figure 1 are for
visble/IR large space telescope systems, the options shown will not be acceptable. LDR
weighed in at around 68 kg/m2 and the best modification case, the membrane option, il
required 20 kg/m2. If you don't count spacecraft and science instrument mass, consumable, or



the sunshade, those numbers don't improve much because it is assumed afairly massve
corrective secondary is needed. If you can neglect the correcting system, then the aredl
densities begin to approach the 0.5-25 kg/m?2 god's being suggested for the near to mid term.

Telescope Architecture Comparison

LDR! uUpdated LDR2 PAMELA Primary3 Membrane

Aperture (m) 20 20 20 20

Primary Reflector Surface Error 3 30 0.025 30
(microns rms)

Minimum Diffraction Limited 30 0.5 0.5 0.5
Wavelength (microns)

Mass (kg)
Primary Reflector 4,710 3,000 7,800 150
Sunshade 2,432 400 400 375
Active Optics Assembly 2,045 5,000 0 5,000
Science Instruments 3,372 150 150 150
Spacecraft 6,133 2,000 2,500 400
Consumables 2,629 1.000 500 200
Total Mass 21,321 11,550 11,350 6,275

1 Cryogenically cooled science instruments
25 kg/(n12) panels, no primary actuators, inflatable sunshade

3 25 kg/(rr% ) primary

Note: HST is estimated to have a mass of 10,000 kg. Its aperture is 2.5 m and its minimum
operating wavelength is 0.2 microns.

Figure 1. Comparison of Telescope architectures, after Sevaston [1]

Modelling information was aso drawn on a more detailed study done at MSFC for the
ULTIMA program in the spring of 1995. Figure 3 shows a comparison of a twenty-meter
visble/IR cryogenic space telescope misson that was very smilar in many rspects to the current
concept for the Next Generation Space Telescope (NGST). Although it was generdly aless
optimigtic estimate (nearly three times the mass of the previous example), the study did address
each subsystem separately in a ground up concept development effort. Primary mirror only aredl
densties were 0.4 kg/m2 for the membrane case (seefigure 4) and around 40 kg/m2 for rigid
segments. These numbers aso fit the near and mid term godls of figure 1 fairly well.

An andlyss of the datain figures 2 and 3 dong with discussions with the trade study experts
behind the ULTIMA design provided a number of useful design rules. The science instrument
mass of 1310 kg was reasonable and does not change in the trade-off between rigid and
membrane primary mirrors. The Primary Mirror Support Structure should be equivaent to



70% of the mass it serves (the primary mirror). The metering truss between the primary mirror
support structure and the secondary mirror should be ten times the mass it serves (the
secondary mirror). For an Earth-Sun Libration point orbit, the attitude control system should be
five percent of the massit serves (the total spacecraft mass). The eectrica power system (EPS)
mass should be equivaent to the Science Instrument mass. The thermd control system (TCS)
mass should be equivaent to 80% of the EPS mass. The remaining spacecraft and structura
connections should be equivaent to 45% of the massit serves (EPS, TCS, ACS, Sl).

Large Aperture Space Telescope
Telescope Mass (ROM)

Seamented Primary (kq) Membrane Primary

Primary Mirror (20m) 9420 100
Secondary Mirror (2.4m) 181 181
SI Complement 1310 1310
PM Support Structure 6594 500
Metering Structure 2117 2117
Light Shade 2734 700
SI/Subsystem Module Structure 2608 2608
Electrical Power System 1500 1500
Comm & Data Handling 200 200
Attitude Determination & Control 1600 1600
Thermal Control System 1200 1200
Misc. (5%) 1473 601
Subtotal 30937 12617
Contingency (30%) 9281 3785

Total M - -

ot viass 40218 16402

Figure 3. Comparison of Mass estimates for ULTIMA 20-meter design basdlines[2]

To support trade studies focused in that particular area, a more detailed mode of the command
& data-handling model were developed. That model is described in Reference 1 and not
discussed here further to maintain brevity. Essentidly, it calculates wiring and processor masses
for different primary mirror configurations.

Findly, basic scaling laws were derived form the recent Inflatable Antenna Experiment (IAE).
Summary design data was used to pecify membrane and supporting torus thickness and
diameters. A common torus design model was developed. Aluminum-coated polyimide was
assumed as the basic membrane materid. For the inflation-formed case a very thin (5-micron)
cover faceplate was assumed to cover primary made of aone-mil polyimide sheet coated with
1000 anggroms of duminum. For the electrostatic case,



Figure 4. Artists concept of a 20 meter space telescope with integral solar thermal propulsion
usng ultrdightweight membranes for the primary mirror/solar collector

it was assumed that five layers of coated membranes would be needed because studies had
shown that the fast mirror curvatures need by typica large space observatories required far too



much dectrica field and power. Therefore, the total deep curvature was assumed to be
achieved stepwise in layers of ever-increasing curvature.

The design rules derived were:
Torus diameter is 3% of total agperture

1000angstroms of auminum represents a good estimate of reflective and dectrodtetic
coatings

10kv power supplies + cabling should be assumed for each of 216 subaperturesin the
electrodtaticly charged case

Inflation gas is negligible mass

Study Cases

There are currently severd classes of technology reasonable to consider for future large UV/IR
space telescope primary mirrors. Rigid reflectors may be minimally segmented and make use of
an auxiliary optic to correct wavefront digtortions. It may be findy segmented to control
digtortion at the primary and hopefully eliminate the need for a downstream corrector optic.
Alternately the primary may be composed of aflexible, very thin membrane that isrigidized after
deployment by some agent (gas inflation, €lectrogtatics, epoxies, etc.). Most concepts tend to
employ asingle membrane across the full gperture. While segmented membranes are possible,
they are problematic because there is usudly a consderable size region of unusua area on the
perimeter of the membrane and because complex curvatures can be difficult to achieve and
hold.

The findy segmented primary reflector isidentified here as having hexagond rigid segments
whose diameter is on the same order of the finest spatial scae to be corrected in the optical
train of the telescope (assuming no externd distortions as with adaptive opticsin an
atmosphere). A second is composed of larger rigid segments. An additional corrector optic
located elsewhere in the optical train may or may not be gppropriate for these type systems.
The third type is the full membrane primary reflector that dso may or may not require a
corrective optical system, but must dways have an externd system for imposing shape control
to some leve on the flexible membrane. The last case is the diffractive optic. These are not
usualy consdered viable because of the large mass of materia needed to bend light enough to
concentrate it sufficiently for most large space observatory concepts. Besides being massive, it
will tend to be lossy aswedl. An dternate isthe flat fresnel zone plate, which is much esser to
manufacture and deploy, but also tendsto be lossy. Some advantages and disadvantages of the
options are liged in figure 5 in comparison to amonalithic, solid shell primary mirror. The latter
would be smplest and therefore potentially easiest to deploy, require no power, and could be



made with fast, even aspheric curvature using techniques better known than those to produce an
dternative technology. But launching such alarge area would be nearly impossible and the
manufacturing to make ablank and figure it on orbit would likely be imposing, too. NGST has
currently gone the second path towards segments manufactured as large as

possble. Currently their sizeis limited by available manufacturing facilities and available launcher
payload shroud diameter. A potentid disadvantage is that such segments are not useful to
ground observatories and don't achieve any economica growth capability. Smaler segments
would require some production engineering, but once in place could continue to amortize costs
over many missons on the ground and in space. Thin films (membranes) are Sgnificantly lower
in weight, but good optica performance remains eusive. Although facilities for spin cagting 10-
meter flat films are in existence, larger.

Type Construction Advantages Disadvantages
SOLID SHELL Simplest Inefficent Packaging for launch
Easiest to deploy Not adaptive

No power required
Fast Curvature

LARGE SEGMENTS Efficient Packaging for launch Limited spin-off value
Adaptive
Fast Curvature

SMALL SEGMENTS Efficient Packaging for launct Requires Production Engineer'g

Adaptive- very fine scale
High spin-off value

Fast Curvature

THIN FILM Lowest Weight Poor Optical Figure Quality
Requires elesctrostatic control
Packaging difficult

Large dia. fab. difficult
Slowest Curvature

THIN FILM SEGMENTS | Low Weight Segment shape a problem
Fabrication easier Requires electrostatic control
Efficient Packaging for launch( Adaptive control difficult
Slow Curvature

Figure 5. Basic Advantages and Disadvantages of Ultrdightweight Mirror Construction Options



Trade-offs for Space Telescope Ultralightweight Primary Mirror
combined with various Corrector Mirror Alternatives

Corrector Mirror Technology

Thin Membrane Segmented Deformable Continuous
Corrector Corrector Facesheet Corrector

Stationary
Thin Membrane

Active Thin
Membrane Primary

Stationary
' Segmented Primary

Primary Mirror Technology

Active
Segmented Primary

Figure 6.

gzeswill be difficult. That suggests the last row, where the primary would be made up of thin
film ssgments. Unfortunately, most designs for thin film reflectors have periphera dead zones
that would make the combined optical performance of a closay packed array difficult to
achieve

The trade space for this study looks at the permutations of a primary mirror and secondary
mirror pair, each potentialy arigid mirror or athin film membrane, and each Sationary or
actively shaped for wavefront control. Figure 6 depicts those options.

Parametric Moded

A trade study was performed on a smple cassegrain primary with the centra segment and the
next ring of segments removed. To minimize both the totd number of segments and the Sze of
the central obscuration of a 20-meter hexagonal aperture, 8 rings of segments were chosen.
Thisleaves a central obscuration of only 5.9% of thetota aperture. It requires only 210
segments each having a 1.18-meter diameter flat-to-flat (ftf). A formuladerived to fit historica
datathat varies ared dengty of rigid segments as a function of segment diameter was derived.

d= ared dendty [kg/m2] =9.7 + 17.8d where d = hexagond segment diameter(ftf) [m]
It modds alightweight technology level consstent with 25 kg/m2 for 1 meter class optics and

therefore is pessmigtic by current planning standards. For membrane mirrors, the caculations
were conservatively based on materia densties of 1.4 kg/m3. Theinflation-deployed caseis



shown in figure 4. The dectrogtatic case assumed afive-layer construction of 1 mil (.00254 cm)
thick CP membranes.

An anaysis of the power requirements for activating segments (electrostatically or on
conventiona actuators) identified the key drivers of EPS being the cabling and the power
management and digtribution boxes. The size of these components were determined by peak
power load which is determined fundamentaly by the mass being moved by the actuators and
the control bandwidth. Peak power (Pp) isthen:

Pp= (mw’a&)/2 , wherem = subaperture masskg],
w = control bandwith[hz], and
a= actuator stroke length[m]

Most modern space observatory concepts are assuming set-and-forget type actuators; but even
if it were operated a a continuous bandwidth as high as a few hundred hertz and the total
actuator stroke were as much as 10 microns, the peak power requirement is still less than awatt
per segment. Even if al 210 segments were smultaneoudy under such stress, the total eectrica
load would il be only about atenth of what the common household hairdryer pulls. This
observation reveds the important concluson that only the smallest conductor Size is needed for
cables taking power to the subapertures, whether for a membrane or arigid active segment.
Currently, flight qualified twisted shielded pair cabling for this application masses around a
kilogram for 750 meters.

Electrogtatic charging systems have historically been massive because of large heat snks
associated with high voltage power supplies. Thisis alaboratory convenience though and need
not trandate to the space system. On the top of Figure 7 is a photograph of avery high voltage
power supply built a MSFC and flown on the BATSE misson. Eventudly, high voltage
integrated circuits may become available even further reducing the eectronics packaging mass.




Figure 7 (Top) MSFC-built compact 5.5KV power supply for BATSE experiment, and
(Bottom) Compact, integrated power and data services to an array of active mirror
Subapertures, [after Blue Line Engineering).

The photograph on the bottom of Figure 7 above shows control and signd conditioning
electronics interconnects imprinted on the surface of a hexagona supporting structure. It has
been developed in conjunction with a seven segment active segmented array experiment
designed and built by Blue Line Engineering. Digtribution of these modest Size components
should not result in an overburdensome premium on powering and activating subaperturesin
large space telescopes. The only unresolved issueis the heat disspation in cryogenic
goplications. A spreadsheet was congtructed using component masses taken from these
activities and the results are summarized in figure 8.



Segmented Primary
o

Active Segmented
Primary

Segmented Corrector

Mirror 210 217
Option 210 segments
segments segments 16 cm
1.18m 37'18 m diameter
diameter
diameter
630 sets 637 sets
Feature : )
actuator/sensor/electronics actuator/sensor/electronics
Overall Diameter 20 meters 20 meters 2.7 meter
Segment Diameter 1.18 meters 1.18 meters 16 cm
Material Zerodur on composite Zerodur on Composite Silicon Carbide
Actuation mechanical electromagnetic electrostatic
Edge Sensors no yes yes
Stroke (um) 100 100 20

Power
Required

none

segment 0.8 watts
total 165 watts

segment 6.4 milliwatts
total 1.3 watts

Mirror Weight
Aux. Weight

segments 5900 kg
aux. mass _6Kkg
total 5906 kg

segments 5900 kg
aux.mass _20kg
total 5920 kg

segments 65 kg
aux. mass_20 kg
total 85 kg

Comments

Simple Construction
Can Pack/Deploy

More Complex Const.
Can Pack/Deploy

More Complex Const.
Simple Packaging

Figure 8. Characteristics of segmented mirrors

Considering the power consumption relationship asit gpplies to membrane mirrors quickly
revedsthat power system mass is even more modest than for rigid mirrors. Thisis because the
power isalinear function of the mass being moved and for a twenty meter gperture the
membrane is acouple of orders of magnitude lighter. In the case of dectrodaticaly formed

membrane mirrors, the power supply and cabling has reached abasic minima vaue that must
exis for ared system.

The estimating relationships for the membrane case are shown in figure 10 below. For the
inflation case, avery thin cover shell was assumed over an duminized reflector surface. The
caculations show 20kg as the estimate for the reflector and 200 kg as estimate for the torus. In
figure 9, the torus estimate is dightly increased to 280 kg to accommodate some fasteners
between the membrane and the torus. To build the electrogtatic case, it was assumed that the
there would be four membranes with a conductor layer deposited on that has a mass smilar to
that of the duminum layer on thefifth reflector layer. Because five separate toroids seemed
unnecessarily pessmidtic, it was assumed that alarger torus with greater dimension and dightly
less than twice the mass of the inflation torus would be sufficient



Torus: Rubberized DuPont Kevlar fabric

r =1.8 gm/cm?

t=1 mm thick

2r = 20 inch minor diameter

2R =22 meters major diameter (10% over aperture size)

Torus:  W=[(23n)t]23R r =4 §?Rrtr i
=4 §2(1100 cm)(25cm)(0.1 cm)(1.8 gm/cm %) :
=195, 418 gm -
- 200 kg 2

Reflector: Aluminum coated Polyimide
oy = 1.4 gm/cm® teoy =2.54 X 10 cm thick (-1 mil)
=1.4 gm/cm3 t.n =1X10 3cm thick (-1000A)
11 meters major diameter (10% over aperture size to account for parabolic shape
and torus attachment)

r
r I
R =

ReerCtor: W: WPOLV + WA\ :(éR 2t POLY) r POLY + (éR 2t Al )rA\
= §(1100 cm){1.4 gm/cm3)[(0.0025 cm)+(0.001 cm)]
=18, 839 gm
-20 kg

(Major assumptions based on Inflatable Antenna Experiment (JPL/L'Garde))

Figure 10. Mass estimating relationships for membrane mirrors

. Active Thin Thin Membrane
Thin Membrane Membrane Primary Corrector
Diameter 20 meters 20 meters 2.7 meter
Material Polyimide Polyimide Polyimide
Shape hoop toroid 2 toroids toroid
Forming . - -
Mechanisms | OPtic pressure electrostatic electrostatic
atomic scale: 25-90 A atomic scale: 25-90 A atomic scale: 25-90 A
Figure Error, um rms mid-scale: TBD mid-scale: TBD mid-scale: TBD
large scale: TBD* large scale: TBD* large scale: TBD*
Adaptive Mechanism none electrostatic electrostatic
Power Required No Yes Yes
. . lens & mirror 20 kg plates & mirror 75 kg plates & mirror  3kg
Mirror WElg_ht torus 280 kg torus 550 kg _ torus 10kg _
& Aux. Weight power 25kg power 2kg
total 300 kg total 650 kg total 15 kg
Lens/gas attenuate photons More Complex Const. More Complex Const.
c " Simple Construction Difficult Pack/Deploy Simple Packaging
omments Difficult Pack/Deploy

* goal for IAE is 1-3 mm rms over 14m

Figure 9. Characteristics of Electrogtatically and Gas Inflation Membrane Mirrors



Thin Film Primary Mirror Assembly Mass as a
Function of Increasing Aperture

* Rubberized DuPont Kevlar fabric
torus, 1 mm thick
700.00 « Torus diameter is 3% of aperture
« 1 reflector + 4 electrostatic charge
membranes
600.00 -+ « membranes are 1000A Al coating on 1
mil polyimide »
« 10Kv power supplies + cabling to
=) 50000 -+ each of 216 subapertures on each
X membrane
n « 1 torus for reflector + 1 torus for * Rubberized DuPont Kevlar fabric
%) 1 e-s membranes torus, 1 mm thick
(EU 400.00 « Torus diameter is 3% of aperture
p « 1 reflector + cover membrane
5 30000 -+ « reflector membranes is 1000A Al
= coating on 1 mil thick polyimide
o « cover membranes is 1000A Al
o 1 coating on 5um thick polyimide
<_E 200.00 « inflation gas is negligible mass
S 1 torus
o
[ 100.00 -
0.00 +
0 5 10 15 20

Aperture (m)

Figure 11. Thin FIm Primary Mirror Assembly Mass versus Space Telescope Aperture

Other membrane dternatives include various materials on polyimides or treetments to the
polyimides that make it possible to deposit control impulses as charge packets fired across
gpace from an eectron gun. This becomes difficult if gun and surface are separated more than a
meter or if operated in intense regions of magnetic fields or those associated with sporadic solar
events. For those design dternatives the total systems masses may vary from the assumptions
here, but not Sgnificantly in comparison to the rigid mirror dternetive.

Sendtivities

Severd studies were available from these modes useful in understanding the system design
sengtivities. Figure 11 shows the not unexpected result that mass of membrane mirror options
grows proportionately to aperture rather than diameter. It isinteresting thought thet thisis not
because of the growth of the aperture membrane mass, but insteed it is dominated by the
growth in the torus mass. This follows from an underlying assumption that the torus cross-
section radiug(r) will grow in congtant proportiondity to the primary mirror radius R such that R
= 44r. The inflatable antenna experiment exhibits this property. The hundred-fold greater
thickness of the torus materid than the membrane materiad makes it dways true that the torusis
the greater mass component of the system. Discussons with SRS Technologies and United
Applied Technologies, designers of large membrane solar collectors for solar therma propulsion
have validated the concept that the structure holding the membrane mirror and attachesiit to the
rest of the spacecraft dominate the total mass of the system.
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Figure 12 Full Aperture Mass versus number of segments for a 1-meter corrector
mirror

Figure 12 shows the region of interest for estimating the mass of rigid segmented secondary
mirrors. It informs that for 1-meter sze mirrors and smaler the mass is dominated by terms that
do not have any close corrdation to the segment sze. An exampleis the assumed 450grams of
actuators, cabling, drive eectronics, and other ancillary components. Thisis a fixed mass for
each mirror segment, no matter what its dimension and mass. This plot shows the pendty for
increasing segmentation It follows that the secondary corrector should have no more than the
least number of segments required to effectively compensate the spatia scae of wavefront
errors.

The next plot (figure 13) shows the same data alongside cdculationsinvolving 10, 15, and 20-
meter gpertures. A very different concluson is suggested by this result. When the larger
gpertures are not aggressively segmented, there is amass pendty. This effect was described
more fully in reference 3 as deriving from the mirror thickness and therefore mass being
unnecessaxily large. At some point in the increasing segmentation of the mirror, the increasing
fixed masses mentioned earlier overwhelms the mirror mass pendty. This behavior is not evident
in the one meter gperture and isweakly inherent in the 10 meter gperture. For larger apertures
though, the mass pendties will be unacceptable unless the primary is divided into at leadt five
and possibly up to 8 rings of segments. Further segmentation appears to achieve no more



sgnificant mass savings and would only be reasonable if the wavefront error petia scale
required such resolution in
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Figure 13. Sengtivity of totd gperture mass for various Sze UV/IR space telescopes to degree
of segmentation

the correcting system. From these results it can adso be observed that even for stationary (not
actively controlled) segmented primary mirrors, some degree of segmentation is appropriate to
achieve mass savings. A smple rule that fewer segments are better isincorrect.

Condusions

Figure 14 applies the full system (i.e. science instrument, spacecraft, and optical telescope
assembly) mass modd for each of the permutations listed in figure 2 and 3 and plots the results
side-by-side for comparison. In addition, notations are made on the System mass axisindicating
the limit of the payload mass cgpability of current launcher options to make delivery to the
Earth-Sun L2 degtination. Firgt of al, none of the concepts were lightweight enough to be
launched by Delta or Atlas class expendable launch vehicles. The Titan IV/Shuttle class launch
cgpability was sufficient for only the membrane primary mirror options which dl weighed in a
around 7 metric tons. The rigid segment options would weigh dmost three times as much a
around 20 metric tons. The current Magnum launch vehicle (see figure 15) under study a



MSFC would have the cgpability to launch ether system easily. A recent ground up design
study® done based on amore aggressive assumption of an ultrdightweight primary mirror mass
of 5 kg/m2 demongtrated the leverage primary mirror mass has on the tota system . Instead of a
20 metric ton 20 meter aperture, that study identified a5 metric ton 25 meter aperture.
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Figure 14. Comparison of Mass of 20-meter UV/IR space telescopes based on active or
passvely figured primary and secondary mirrors made of membranes or rigid mirror segments.
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The various trade-offs between stationary versus active or correction on the primary versus on
the secondary mirror had made no significant leverage on total system mass. This can be an
extremely important design consderation if these options can dl achieve the required optica
performance.



Magnum Launch Vehicle withFlyback Boosters
And LOX/LH2 Upper Stage

* Payload+upper stageto 31 X 220 nm 90 metric tons
transfer conic

* Payload+upper stage after 88mt
circularization at 220 nm

* Payload+upper stage injectionto L2 43mt

» Upper stage propellant 47 mt

* Upper stage dry mass + adapter 12mt
(L=0.3)

* Injected payload mass 31lmt

Figure 15. Ultralarge launch vehicle possibility — the Magnum LV
Asindicated in figure 15, the Magnum can launch atelescope payload as massve as 31 metric
tons. This not the case however because volume limitations in the payload shroud come into
play long before the payload mass capability of the trangportation system. Assuming that ratios
of deployed aperture to stowed payload diameter (80:1) and depth remain congtant, a
parametric plot is congructed in figure 16. It disolays an estimate how large apertures might
grow before they exceed the payload shroud limits of the Atlas IIARS, Shuttle, and Magnum
launch vehicles. Two curves are shown to represent the membrane mirror case. It is assumed
that efficienciesin packaging will be a least as good as those achieved in the 1997 Inflatable
Antenna Experiment. The most optimistic end is anchored to a data point taken from the recent
NGST design study for adeployed solar shield. The former case congtrains significant structure
and dectronic hardware. The latter case has very minima ancillary mass. The resulting curves
show that even for the very light membrane mirrors weighing a single kg/m2 or less, the payload
shroud volume will eventudly limit the deployed aperture to something less than 100 meters.
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Figure 16. Launch vehicle payload shroud volume limits UV/IR space tel escope aperture for
ether rigid or gossamer mirror technology

This being the case, the rigid mirror option continues to look promising. There might even be a
potential to place two gpertures connected together smilar to the space interferometer (SIM)
configurations or possibly something smilar to the concepts under study for the SPECS mission.
Such a system would provide tremendous optica capability in basdine resolution and sengitivity.
If optical quaity membrane mirrors are possible, then neither dectrodtatic nor inflation deployed
systems have sgnificant leverage over one another on total system masses. Another important
observation about the membrane case is that for this technology, the primary mirror has finaly
given up its role as the magjor mass component of the system. The god for those devel opment
programs will be to drive mass out of the science instrument and spacecraft subsystemslike the
attitude control system, EPS, TCS, and bus structure. But most importantly, a major goal for
the Gossamer program should beto beto achieve avery efficient packaging scheme
that will makeit possibleto fill alaunch vehicle to some significant fraction of its
payload mass perfor mance capability.

Thefind conclusonsarein light of the gods set out in figure 1. For anear or mid-term solution,
technologies exist for 20+ meter gpertures, but a magnum launcher is needed. In the far term,
technology should alow placing a multiple, 20 meter gperture observatory to L2 economicdly in
asngle Magnum class (or more likely in that time frame) a program of reusable launch vehicle
(RLV) operations.
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